Abstrak : Meningkatnya penggunaan beban non-linier dalam instalasi kelistrikan mengakibatkan masalah distorsi harmonik dalam sistem kelistrikan industrial dan komersial.Beban non-linier yang banyak digunakan dalam operasi minyak dan gas bumi adalah variable speed drive (VSD) dan uninterruptible power supply (UPS).
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The consequence was approximately 191,181 bbls of crude oil deferment in Kaji Semoga field. Installing harmonic filter is a common practice taken to overcome harmonic distortion. Some of alternative method will be discussed afterward.
BASIC THEORY AND DISCUSSION
Power system harmonics are defined as sinusoidal voltage and currents at frequencies that are integer multiples of the main fundamental frequency, which is 60 Hz at Kaji-Semoga field, as illustrated on Figure 1 . At the outgoing of VSD shows THDv of 100%. Detailed inspection identified both ESP unit were not equipped with harmonic filter. As some actions were taken to resolve, unfortunately in the next three years number of black out were getting worse as shown in Table 1 .
Ideally, the harmonic distortion is caused by non-linear devices which can be categorized into: 1. Saturated (in the iron-core) magnetic devices, such as generators, transformer, and motors. 2. Power electronic devices switching; such as compact fluorescent lamp, rectifier and VSD. The value of Total Harmonic Distortion (THD) is defined as the ratio of the sum of the powers of all harmonic components to the power of the fundamental frequency. Ilustration of THDv and THDi according to IEEE 519, is shown on Table 3 and Table 4 . The following information will determine the effect of harmonics which might cause some of the black out in KajiSemoga. 
Harmonic Effect on Motors and Generators
Harmonic pairs, such as the fifth and seventh harmonics, have the potential for creating mechanical oscillations in a motor-load system. The fifth and seventh harmonics can combine to produce a torsional stimulus on the rotor at the sixth harmonic frequency. If the frequency of a mechanical resonance exists close to the frequency of electrical stimulus, highstress mechanical forces can be developed accordingly, such as a premature bearing damage.
Harmonic Effect on Transformers
The overall effect is an increase in the transformer heating above its nominal operating temperature at the same load, as compared to purely sinusoidal (fundamental) operation. Therefore, it will decrease equipment lifetime.
Harmonic Effect on Switchgear and
Relaying As with other types of equipment, harmonic currents can increase heating and losses in switchgear, thereby reducing steady-state current carrying capability and shortening the life of some insulating components. Fuses suffer a derating because of the heat generated by harmonics during normal operation.
IEEE 519 mentions the effects of harmonics on relay operation as follows: 1. Relays exhibit a tendency to operate slower with higher pickup values 2. Static under-frequency relays are susceptible to substantial changes in operating characteristics. 3. In most cases, the changes in operating characteristics are relatively small over the moderate range of distortion expected during normal operation (e.g., 5% harmonic factor). 4. For different manufacturers, overvoltage and overcurrent relays exhibit different changes in operating characteristics. 5. Harmonics sometimes impair the high-speed operation of differential relays. Some tests demonstrate that the relays could exhibit complete restraint.
In general, distortion factors of 20% will cause problems in protective relay operation.
Harmonic Effect on Cable
Losses are increased in conductors and equipment which carrying harmonic currents, resulting in temperature rise. The causes of the additional losses include: 1. A disturbance in overcurrent protection is leading to circuit breaker and fuse nuisance tripping; 2. An increase in the root mean square (rms) value of the current for an equal active power consumed; 3. An increase in the apparent resistance of the core with frequency, due to the skin effect; 4. An increase in dielectric losses in the insulation with frequency, if the cable is subjected to non-negligible voltage distortion; 5. A phenomenon related to the proximity of conductors with respect to metal cladding and shielding earthed at both ends of the cable, etc.
Generally speaking, harmonics have a major economic impact: a) Premature ageing of equipment means it must be replaced sooner unless oversized right from the start. b) Overloads on the distribution network can require higher subscribed power levels and increase losses. c) Distortion of current waveforms provokes nuisance tripping that can stop production
METHOD AND COMPARISON: MINIMIZING HARMONIC DISTURBANCE
The most frequently encountered harmonics in three-phase distribution networks are the odd orders. Harmonic amplitudes normally decrease as the frequency increases. Above order 50, harmonics are negligible and measurements are no longer meaningful. Sufficiently accurate measurements are obtained by measuring harmonics up to order 30. Utilities monitor harmonic orders 3, 5, 7, 11 and 13. Generally speaking, harmonic conditioning of the lowest orders (up to 13) is sufficient.
Common method taken to reduce harmonic distortion is by installing harmonic filter.
Alternative methods to reduce harmonic distortion effect are oversizing the equipment and installing phase shifting transformer.
Oversizing the Equipment
Derating of power sources (generators, transformers and UPS) means they must be oversized.
Conductors must be sized taking into account the flow of harmonic currents. In addition, due the skin effect, the resistance of these conductors increases with frequency. To avoid excessive losses due to the Joule effect, it is necessary to oversize conductors. To overcome heating effect of harmonic distortion, flow of harmonics in the neutral conductor means that it must be oversized.
In general next bigger size of cable should be selected. Generally speaking, all electrical equipment (electrical switchboards) subjected to voltage harmonics or through which harmonic currents flow, exhibit increased energy losses and should be de-rated, if necessary.
Phase Shifting Transformers
The harmonic currents of several converters combine vectorially at the common supply busbars. Their phases are generally unknown except for the case of diode rectifiers. It is possible to attenuate the 5th and 7th current harmonics using two equally loaded 6-pulse diode bridges, if the couplings of the two power supply transformers are carefully chosen. Proposed modification in Kaji-Semoga Field refers to Figure 2 . Refer to Table 5 , by applying phase shifting transformers method harmonics I 5 and I 7 perfectly attenuated become nil (0). It shows that harmonic distortion can be reduced without installing additional protective equipment. Therefore cost to purchase an expensive harmonic filter can be eliminated.
Installing Harmonic Filter
Filters are used when it is necessary to limit harmonic voltages present on a network to a specified low value. Usually the passive harmonic filter will be effective at certain amount of load. Unfortunately, some of our production well with installed ESP seldom experiencing fluctuated fluid level. Fluid level affects the consumable load to ESP motor. Therefore, in these cases a passive harmonic filter will be ineffectively installed. Otherwise, an active harmonic filter will cost much more expensive.
Regarding three alternative methods to reduce harmonic distortion effect shown above are compared in the following Table  6 . Assuming the size of each equipment are 100 kVA or in its equal units. 
